INTRODUCTION
While concerns about neonatal intensive care unit (NICU) sound levels have typically focused on the infant, caregivers are also exposed to the unique sound environment of the NICU. The auditory environment of the NICU is comprised of both wanted sound and unwanted sound Ð labeled noise. Both wanted and unwanted sound can be excessive in terms of stimulus intensity, producing possible auditory and non-auditory consequences. Caregivers in the NICU include physicians, nurses, related health care workers, as well as parents and other visitors. From a broad perspective, sound and noise involve the direct effects of the physical sound stimulus on the sensory receptors, signal conveyance to the central nervous system, alerting or arousal, attending, perception, appraisal and related cognitive processing, unconscious or vegetative responses, emotional aspects, and linkage to memory. The concerns regarding caregiver responses to NICU sound are summarized into four areas: direct damage resulting to hearing loss, stress responses including both physiological and emotional responses, altered communication, and performance. The possible effects of sound on health care providers have not been widely acknowledged. The organization culture of health care facilities emphasizes care for the patient, often leading to neglect of the health needs of health care workers, reduced perception of health hazards, reduced coping ability, and lack of intervention. 1 Literature reviewed for this article included background in noise-induced hearing loss (NIHL) in adults, evidence of sound levels experienced by caregivers in the NICU environment, non-auditory physiological effects of noise, noise related to interpersonal speech patterns, and the effects of noise on job performance.
AUDITORY DAMAGE RESULTING IN HEARING LOSS
NIHL may result from chronic exposure to sounds of high intensity. 2 Auditory factors which determine occurrence and severity of hearing loss include sound intensity, spectral frequency distribution, pattern of exposure (intermittent or continuous), and duration of exposure. Additionally, the occurrence of NIHL is highly related to individual factors influencing personal susceptibility. NIHL has been studied extensively in industry, aviation, and similar loud work environments. According to occupational health guidelines, sound intensity >80 dB(A) SPL for 8 hours is tolerable. NIHL is a concern in health care facility intense noise exposure areas, such as laundry or physical plant. 3 The majority of sounds recorded in a study of one hospital exceeded 55 dB(A), and workers perceived that sound interfered with work. 4 Studies of sound levels in acute and critical patient care areas, though limited in number, show that sound levels may episodically reach levels >80 dB(A); however, this intensity is not continuous. 5 ± 7 Noise has been linked to the occupational health of hospital staff. 8, 9 There are no reports of work-related hearing problems in NICU or critical care health care providers. The sound spectra of the NICU are characterized by high intensity at low frequencies. 10 Studies of NICU sound levels indicate that while intermittent sound levels >80 dB(A) may occur, in general, sound intensity and duration of exposure are not in a range that would constitute probable risk for NIHL. 11, 12 However, longer duration of exposure, as might occur with 10-or 12-hour shifts, combined with relatively loud sound levels, does approach parameters defining possible NIHL. In adults, continuous exposure to highway noise of 70 dB(A) (90% range of noise level L50+10 dB(A) ) over an 8-hour period resulted in temporary threshold shift and rise in blood pressure, suggesting that noise need not be excessively loud to produce a response. The cooccurrence of NIHL and hypertension is suggested as evidence of the stressful nature of intense occupational noise; 30 however, studies of this nature have not systematically controlled for sources of bias nor included individual factors that alter susceptibility to noise.
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Emotional and Behavioral Responses
In addition to physiological responses, the sound environment produces non-auditory responses. These behavioral, emotional, and affective responses include fatigue, irritability, annoyance, and mood disturbance. 22,32 ± 35 Further, work-related stress is associated with decreased job satisfaction,``burnout'', and interference with retention. 36 ± 40 Noise annoyance has a stronger effect when combined with low work satisfaction and nightshift work. 41 Noise is one of a number of adverse environmental conditions that may effect worker satisfaction and mental health; however, assessments of the work environment are distinct from assessments of work itself. 42 There are no reported studies of caregivers' emotional and behavioral responses to sound and noise in the NICU.
Conflicting study results lead to questions about the generalizabilty of the negative effects induced by noise. 43 ± 46 While responses to noise have been identified in individual research studies, systematic replication is needed. The sound levels used in studies of the stress effects of noise often exceed sound levels typical of the NICU and are often focused on loud sounds (i.e., >80 dB(A) ) and extended periods of noise exposure, exceeding the typical 8-hour work day. The characteristics of the sound used to produce responses (i.e., intensity, spectral frequency, pattern) have varied widely. The dosimetry for non-auditory effects of sound is therefore not well understood. Additionally, most studies of the effects of noise typically focus on immediate effects, and the long-term consequences of noise exposure require further consideration. There have been no studies of the physiological or behavioral effects of noise in the NICU. Further, there are few studies of sound within the sound level typical of the NICU. Sound level and noise have been noted as stressors by health care personnel and parents in the NICU; however, there are no reported studies linking specific measures of the stress response and noise in caregivers. The extent to which noise contributes to stress is unclear. It is impossible to divide the effects of noise from the numerous stressors in the NICU environment. Additionally, there is an increasing body of literature that describes the sound-based and personal factors that modify responses to sound and noise.
Factors Mediating the Effects of Sound
The characteristics of the sound environment are powerful determinants of human responses. In a laboratory setting, estimations of the pleasant and unpleasant nature of sound were dependent on both volume and frequency; additionally, accuracy in identification of sound altered emotional reaction. 47 Sound pattern also alters response. Intermittent noise at high levels (90 to 100 dB (SPL) ) raised blood pressure while habituation occurred with steady state noise. 26, 27 Stimulus change rather than noise per se may be important in blood pressure increase with noise. 48 The response to noise is subjective, determined by the physical characteristics, informational content, and predictability of the sound as well as the individual's ability to control the sound, attitudes toward the noise source, activity, and the necessity of the sound. 49 ± 51 Further, individuals differ in noise effects on pituitary hormones. 52 Control is a particularly important factor. In a laboratory study of exposure to controlled and uncontrolled loud sound (100 dB), subjects without control had more feelings of helplessness, lack of control, tension, stress, unhappiness, anxiety, and depression, and also had greater adrenocorticotropic hormone and sympathetic nervous system activity. 53 In one study, the perception of control was found to mediate the immune response to noise; subjects with perceived control had no reduction of natural killer cell activity while those without control had reduced natural killer activity. 54 Individuals differ according to sensitivity to noise, 34, 55 and individuals who are more sensitive to noise also demonstrate less habituation. 56 Evidence suggests gender differences in responses to cardiorespiratory and anxiety responses to noise. 56, 57 Uncontrollable noise increased oxytocin levels in women, but not men, and stress-induced oxytocin was greater in high-emotionality women. 58 Personality type is an additional factor determining response to sound and noise. Increased heart rate reactivity and blood pressure and increased tension have been found in individuals with type A personality compared to non-A personality. 59 There are no reported studies of mediating effects on caregiver responses to sound and noise in the NICU. Research examining this relationship should incorporate the effects of control, predictability, personality, attitude, and sensitivity to noise.
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COMMUNICATION AND JOB PERFORMANCE Speech Interference
The importance of communication to safe care in transport has been established, 60, 61 but could apply to many aspects of neonatal care. Much of the communication between professionals and with parents is verbal in nature, and the players in these communications represent the diversity of adults in the USA. English is not always the first language, dialects from different regions of the USA may be present, and professional and family members run the gamut of ages. All of these variations can present special challenges when the background sound level is high. Noise and interference with communication are of importance with language or dialect differences, situations in which cues in the speech stream may be essential. 12, 62 Care activities, 63 as well as equipment important to the physical survival, all contribute to the noise level; e.g., high-frequency oscillatory ventilation creates twice as much noise as conventional mechanical ventilation. 64 Complexity of speech has been shown to present difficulties for the older (60+ years old) adult.
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With all these challenges, the opportunities for miscommunication increase, and the opportunities for correcting miscommunication are decreased. Perlis et al. 68 show the importance of more than the content of speech to clear effective communication.
Noise criteria curves (defined as the maximum sound intensity across sound frequencies allowing minimal interference with normal verbal communication) were originally established as the parameters for maximum levels of interfering noise during telephone conversations. In general, the sound intensity of decibel required for office conversation decreases with increasing frequency. Noise criteria have not been studied in the NICU. However, the noise criteria curves recommended for hospital wards are between noise criteria 25 and 35. 69 These levels are similar to private offices, libraries, courtrooms, schoolrooms, cinemas, and church. The distributions of NICU sound levels across frequencies reported by Gottfried 10 all exceed the decibel levels specified by the noise criteria 25 to 35 curves. 69 Thus, the detrimental effects of noise on communication within the NICU are a potential concern related to both safety and interpersonal interaction.
Both the intensity and the acoustical characteristics of background sound to speech communication were explored by Tzaneva. 70 Continuous white noise was found to produce the most masking followed by impulse and constant production noise. Clear deterioration in speech communication was demonstrated at intensity levels of 70 to 75 dB(A). While these levels are not continuous in NICUs, these levels are reached during crisis situations and around some infants whose life support equipment sound production is augmented by unit equipment (phones, printers, ice machines). 71, 72 The quality of the communication in such situations is clearly at risk. While <45 dB(A) is recommended by the American Academy of Pediatrics, 73 researchers have not found those levels with any consistency. Research is indicated for lower levels ( <70 dB(A) ) to identify levels at which speech communication is not impeded.
Privacy Interference
Intimacy is affected by interpersonal communication. The influence of noise on interpersonal communication is an important consideration. The``preferred speech interference levels'' (defined as the maximum background sound level that will not interfere with speech communication) provide a guideline combining type of social interaction (intimate, personal, neutral, public), voice loudness, distance from speaker, and background. 12, 69 In decibel terms, halving the distance to the speaker increases the sound level by 5 to 6 dB. In a noisy environment, the need to talk louder or shorten distance to enhance reception changes the nature of the communication.
Thus, information, which may be of a very private nature, may require a louder voice than typical for this type of exchange. Similarly, in a noisy environment, the distance between speakers must be decreased, changing the nature of the communication from neutral to personal or intimate. This point is of particular importance to parents whose communications in the NICU are often of a very personal nature. Parents discuss their feelings and fears for a new baby under all situations. When the baby is in NICU, these feelings and fears are intensified. These discussions Ð both what is said and the response to what is said Ð are important elements to coping with the stress of a new at-risk baby and the parents' role development. These exchanges of confidence would usually be done in soft tones in private settings, but the choices are either to suppress the need, to delay the exchange until there is a more ideal setting, or to use louder voices that seem less intimate. The loss of privacy for intimacy probably changes the nature of the exchange. It is like trying to make an important family decision at a college basketball game. While a basketball arena seems a poor choice of setting for decision making, the NICU also frequently offers a noisy environment in view of many strangers.
Parent and caretaker exchanges are also altered by the noise in the setting. Nurses inform and support parents within a single conversation. Key to balancing these two objectives is in the assessment of the parents' responses as information is presented. Closer posturing due to sound levels and the still noisy environment are thought to interfere with syntax and emphasis reception as well as other non-verbal cues critical to balancing the nature of the conversation. Given that it is a special skill for the nurse to learn, remember that this may be a one-time experience for the family members who are also used to processing the content with other subtle meaning cues. How might a loud voice delivered by a nurse standing in the parents'``personal space'' feel? At the very least, it would feel uncomfortable.
Concentration and Work Errors
Non-auditory effects of noise include decreased work performance. 22, 28, 31 A review written by Kjellberg 51 outlines the relationships between noise and distraction, arousal, attention, safety, and efficiency. Performance is related to the task's sensitivity to noise. Tasks requiring rapid reaction times and vigilance are particularly sensitive to noise. 51 The effects of NICU noise on work performance have not been reported. The complex work demands, attention skills, decision making, and manual skills involved in intensive care may be sensitive to the effects of noise. Infant care in NICU is tied closely to ongoing assessment of the infant, particularly during critical periods. Attention to details of the infant's physical condition is key to quality care. Decision making must be quick and decisive in many situations. Many of the manual skills in caring for these infants depend on fine motor skills. Disruptions to attention, decision making, and skills introduce a risk factor that, at the very least, must be recognized so additional care can be taken.
The response to noise is subjective, determined by the physical characteristics of noise, informational content, predictability, the ability to control, attitude toward the noise source, activity, the necessity of noise, and other individual differences. 51 Research on the effects of noise often does not incorporate the critical role of individual perception and meaning. While some of the sounds in the environment may offer positive or reassuring cues to the professionals, a large array of sounds must be attended to by the nurses. The technology which offers life support comes with many sounds that can be overwhelming, especially to the novice NICU nurse. Studies need to be done especially on both ends of the age continuum. What is the impact of the NICU sounds to the novice nurse (usually young) and to the aging senior practitioner? How do the experience and aging of the hearing mechanisms meld for our NICU nurses in their 50s and 60s?
IMPLICATIONS
The literature reviewed is multidisciplinary, representing disciplines whose researchers have addressed the auditory environment from a variety of perspectives on sound and noise. There is a gap in the literature in that few studies have specifically addressed the NICU site with a focus on the caregivers. This manuscript considers nurses, physicians, other health care workers, parents, and visitors as caregivers. Because the length of exposure has been shown to be a factor in the outcomes on humans, the person's exposure time may be more critical than the role they play, i.e., parents may have more time in NICU than an X-ray technician. Systematic research is called for. Because the research reviewed shows a``potential'' for many adverse effects, nurseries should do sound measurements in a regular systematic way. Many personnel have annual or semi-annual physical examinations and these physical exams should include hearing and psychological evaluation. These data (sound measurements and physical examination) can then be analyzed for the presence of detrimental effects on workers. Use of routinely collected data would be helpful in providing the large sample required by individual susceptibility to sound and/or noise. Finally, research on sound and its effects needs to include the mitigating variables of control, predictability, personality, attitude, and sensitivity to noise.
More studies on speech interference in the NICU are warranted; however, because the effects of miscommunication can be grave and the steps suggested to minimize deleterious effects are low cost, these steps should be implemented. Likewise, while site-specific research on the effects of sound on concentration is called for, attention now should be given to the potential problem areas. One low-cost approach is education/awareness building so workers can be alert to their own and other's behaviors. Because the physical effects maybe long term or cumulative, and therefore harder to detect, environments need to be designed toward lower SPL and work patterns need to address breaks and double shifts. Caution is certainly warranted by the results of the research-to-date while we await more definitive results.
SUMMARY
Sounds of sufficient intensity, duration, and exposure pattern are capable of effecting hearing. Sounds in the NICU reach the intensity level at which hearing damage could occur; however, these loud sounds are typically episodic and the duration of exposure is unlikely to produce hearing damage. Noise is a source of stress in the NICU work environment and is associated with both physiological as well as emotional responses. Noise interferes with communication, affecting both interpersonal interaction as well as accuracy required of an intensive care setting. While there are vast data suggesting the negative impact of noise, there is sparse research examining the effect of noise on NICU caregivers. Individual health, communication, and job performance may benefit from research in this area.
